Objective: Evaluate side-to-side discrepancies in children with hemiplegic cerebral palsy (HCP), and investigate associations of these discrepancies with patients' age at initiation of physical therapy, motor and cognitive function, and degree of activities and social participation. Method: We obtained eight side-to-side measurements from 24 HCP children with mean age 49.3±5.2 months. Results: Early initiation of physical therapy was associated with lower discrepancy in hand length (p=0.037). Lower foot length discrepancy was associated with lower requirement for caregiver assistance in activities related to mobility. Increased side-to-side discrepancy was associated with reduced wrist extension and increased spasticity. Discrepancy played a larger role in children with hemineglect and in those with right involvement. Conclusion: Increased discrepancy in HCP children was associated with reduced degree of activity/social participation. These results suggest an association between functional use of the extremities and limb growth.
In children with hemiplegic cerebral palsy (HCP), multiple factors associated with the brain injury itself, or with the presence of other comorbidities, can affect cognitive and motor function. According to Rosenbaum, "Impairment can vary considerably and no two people with cerebral palsy are affected in exactly the same way" 1 . One of the factors related to impaired function in these children is growth discrepancy on the affected (hemiplegic) side when compared with the unaffected (normal) side. This side-toside discrepancy affects the majority of HCP children 2, 3, 4 and may be observed in particular by comparing the sizes of both hands 4 . This discrepancy also increases with age 3, 4 , tends to be proportional between upper and lower limbs on the affected side 4 , is accompanied by a delay in skeletal maturation and by muscular underdevelopment 3, 5, 6 , and is related to disease severity 7 . Some studies have reported an association between discrepancy and sensory deficits 8 or motor function 2, 3 , but not with degree of spasticity. In contrast, other factors, such as handedness, muscle strength, wrist extension range of motion, lower limb motor function, presence of hemineglect, cognitive function, degree of activity (such as carrying out tasks) and social participation (involvement in life situations) 9 have not been addressed in previous studies.
The impairment in growth on the affected side has been attributed to neurotrophic factors associated with the endocrine system, immobility or lack of stimulation from weight bearing 7, 10 . Stevensen et al. reported that a better understanding of the causes and mechanisms of growth impairment in HCP could lead to improved clinical care and contribute to better quality of life 7 . Some authors question if non-nutritional interventions, such as physical therapy and weight bearing, would not have a positive impact on linear growth 11 . Demir et al. suggest that extremity shortness can be controlled by comprehensive rehabilitation programs and reconstructive procedures that increase the function of the upper extremities, as well as the function of the hands 3 . The International Classification of Functioning, Disability and Health (ICF) model, proposed by the World Health Organization 9 , prioritizes functionality as a component of overall health and emphasizes that goals and outcomes should be related to activity and participation.
The objective of this study was to evaluate side-to-side discrepancies in children with HCP and investigate the association of such discrepancies with the child's age at initiation of physical therapy, motor and cognitive function, and degree of activities and social participation.
METHOD
This was a cross-sectional and descriptive study, carried out between June 2005 and August 2006. The study was approved by the Human Research Ethics Committee of Hospital de Clínicas of Universidade Federal do Paraná, (UFPR) Curitiba, Brazil. All parents signed a free and informed consent form to allow participation of their children in the study.
Participants
We recruited a convenience sample of HCP children attending the Pediatric Spasticity Outpatient Clinic at the Centro de Neuropediatria do Hospital de Clínicas of UFPR. Patients had ages ranging from 3 to 5 years, independent mobility and motor impairment classified as levels I and II according to the Gross Motor Function Classification System (GMFCS) 12 .
The inclusion criterion was spastic hemiplegia due to cerebral palsy. None of the children who participated in the study had history of concomitant genetic, metabolic, or neurodegenerative diseases, or any other disorder with potential to affect growth.
Outcome Measures
We performed eight anthropometric measurements evaluating the sizes of both the affected and unaffected limbs: 1) upper and 2) lower limb total lengths, 3) hand and 4) foot lengths, 5) hand widths, and 6) arm, 7) thigh and 8) calf circumferences. The measurements followed standard criteria 13 . Side-to-side discrepancies were calculated in centimeters and in percentages by comparing the affected and unaffected sides. Data were analyzed according to the formula adapted from Demir et al. 3 . We further compared the obtained anthropometric measurements with clinical and functional data, including laterality of the deficit, muscle tone assessed by the Ashworth scale 14 , and muscle strength 15 . The results obtained from muscle tone and strength assessments were grouped as suggested by Brown et al. 16 . We used a goniometer drive to assess active and passive range of motion for wrist extension. Obtained values were assigned a score on the Upper Limb Physician's Rating Scale (UPRS) 17 , on the Gross Motor Function Measure -88 (GMFM-88) 18 and on the Pediatric Evaluation of Disability Inventory (PEDI) 19 . With the GMFM-88 18 we assessed motor capacity and with the PEDI 19 we evaluated motor performance in self-care and mobility, as well as level of caregiver assistance. The PEDI covers a broad domain of functioning, considering both the activity level and aspects of the participation level 20 . Gait pattern was assessed using the Physician's Rating Scale (PRS) 21 , a recognized scale that scores various components of gait movement, yielding scores for each leg that range from zero to 14. We also considered a TwoDimensional Gait Analysis using data retrieved from another study using the same cohort 22 . We assessed the intelligence quotient (IQ) of each child using the Wechsler Preschool and Primary Scale of Intelligence-Revised (WPPSI-R) test 23 . The presence of hemineglect was assessed with the Wechsler Intelligence Scale for Children, fourth edition (WISC-IV) cancellation subtest 23 . We also considered in the analysis the average age of the children at initiation of physical therapy.
Statistical analysis
The 
RESULTS
Twenty-four HCP children with mean age of 49.3±5.2 months (range 39-60 months) participated in the study. There was a predominance of males (n=19; 79%) and left side involvement (n=13; 54%). Detailed data for each child are provided in Table 1 .
All children presented shortening of the affected side on at least three measurements. Similarly, the averages of all measurements of length, width and circumference were significantly lower on the affected side when compared with the unaffected side (p,0.001). The greatest discrepancies were observed on the length and width of the palms of the hands. Detailed anthropometric data are shown in Tables 2 and 3 .
As discrepancies in total upper limb length decreased, passive and active extension of the wrist increased (p=0.021 and p=0.006, respectively). In contrast, increased muscle tone in the affected upper limb was associated with increased discrepancies in total upper limb length (p=0.001), hand length (p=0.002) and palm width (p=0.023).
A comparison between sides showed significant differences in proximal, distal and total muscle strength for both upper and lower limbs, with the exception of proximal lower limb strength which did not show significant differences between sides. When compared with the unaffected side, the greatest decrease in strength on the affected side occurred in the upper distal limb muscles (83% of the normal side), followed by the lower limb distal muscles (85% of the normal side). Comparing side-to-side discrepancies in muscle strength between the upper and lower limbs, we found that the greatest decrease in muscle strength was in the upper limb, with an average of 86% of the strength of the unaffected side, while in the lower limb, the average was 94%. Table 4 shows the correlations between the discrepancies and muscle strength.
Gross motor function mean total score was 93±12%. A higher GMFM-88 score was associated with lower discrepancies in foot length. In addition, both UPRS and GMFM-88 scores increased as the discrepancies in the measurements of the upper limb decreased (Table 4) . Lower discrepancies in foot length were also associated with greater independence in the PEDI mobility scale and in the PEDI Caregiver Assistance scale (Table 4 ) and with better scores in the PRS (p=0.047). There was a trend toward a correlation between the largest discrepancy in the total lower limb length and the percentage of the initial double support time in the affected lower limb (r=-0.037; p=0.074).
Of 20 children who were assessed with the WISC-IV cancellation subtest 23 , eight (40%) showed hemineglect. Children with hemineglect had greater discrepancy between hand length and arm and thigh circumferences when compared with those without hemineglect ( Table 5 ). Of 23 children who were evaluated with the WPPSI-R test 23 , 12 (52%) had IQ score below 80. The average percentage of decrease in hand width was higher in the group with total IQ score below 80 (p=0.044).
Children's average age at initiation of physical therapy was 9 months. At the time of the assessment, 18 patients had maintained physical therapy for more than 2 years (75%). This variable could not be controlled because children had different backgrounds and great variation in type, frequency and intensity of physical therapy. We observed that early age at physical therapy initiation was associated with lower discrepancy in hand length (p=0.037). 
DISCUSSION
This study was designed to evaluate side-to-side discrepancies in children with HCP, and investigate the association of these discrepancies with different factors potentially related to impaired function, and degree of activity and social participation.
Findings from our study show that growth discrepancy is more important in children with lower range of active and passive wrist extension, lower muscle strength, right side involvement, hemineglect and increased spasticity. We have also demonstrated an association between greater discrepancy and worst function in both upper and lower limbs.
The goals of a management program for children with HCP should include promotion of function, increase in developmental capabilities and focus on participation 1 . Hand function is one of the main problems in these children 16 , and has been associated with growth impairment on the affected side. In hemiplegia, the possibility of comparing the sides of the body allows the study of the influence of non-nutritional factors on growth while excluding aspects related to the disease such as malnutrition and endocrine factors. It also eliminates other potential biases, including gender, race, parental height and pubertal status 3, 5, 7 . Demir et al. 3 reported in children with HCP significant differences in measurements of the upper limbs independent of spasticity. In contrast, we found that greater spasticity in the upper limbs was related to greater side-to-side discrepancies when considering the total upper limb length, hand length and the width of the palm of the hand. These data suggest that spasticity is an important factor for muscle growth. Some authors report that muscle growth is affected by increased muscle tone in children with hypertonia 24 . Fridén and Lieber 25 demonstrated structural changes in spastic muscles, including shorter fibers and more rigid cells. Although these authors observe that spasticity is multifactorial and neurological in origin 25 , the muscles affected undergo substantial structural changes.
Demir et al. 3 also reported major discrepancies associated with decreased function on the affected hand. However, motor function of the upper limb was not related with greater discrepancy in bone length or circumference, which led the authors to question the sensitivity of the scale used in their study.
A study by Stevensen et al. 7 used the Quality of Upper Extremity Skills Test (QUEST) to show a significant correlation between greatest functional impairment and largest discrepancy of the upper involved limb. In a study by Uvebrant 2 , hand function was significantly decreased in 53% of the children and was also associated with a relatively larger dis- crepancy. The author suggests that this percentage could be even higher if the function were measured with a scale that assesses object manipulation or by using methods proposed by Brown et al. 16 . In our study, we found a correlation between a higher score in the UPRS and lower side-to-side discrepancy 17 . The UPRS 17 evaluates ten movements involved in the functional use of the hand. The distribution of these scores allows identification of the importance of the functional use of the hand in its growth. However, Uvebrant 2 mentioned the presence of confounding factors when, for example, the largest discrepancy is related to upper limb stereognosis deficits. In our study, the association between greatest side-to-side discrepancy and function was determined using scales that also assess gross motor function. These data suggest that several factors are involved in both the genesis and the adaptation to disability.
We observed an association between left handedness and decreased side-to-side discrepancy, specifically in the measurements of arm and calf circumferences. Children with hemineglect had greater discrepancies in hand length, as well as arm and thigh circumferences. These findings point to the greater importance of perception in relation to handedness, as suggested by Katz et al. 26 . Hemineglect is a recognized condition that imposes great impairment in adults 26 , and ours is the first study to address hemineglect in children with HCP.
Immobility, reduced weight-bearing stimulation, disuse and low blood flow in the involved side are factors that may indirectly affect growth 7, 9 . However, the association between age at initiation of physical therapy and lower discrepancy in hand length suggests that these factors can be mitigated by early intervention. Physical therapy for hemiplegic patients is directed towards stimulating active use of the involved side. As for the upper limb, physical therapy aims at developing the functions of reaching and weight bearing. For example, a stage that requires intense stimulation in early infancy is the crawling phase, since it bears weight on the affected upper limb. Children with HCP tend to move from the sitting position by dragging themselves using the unaffected upper limb. Crawling can be extremely beneficial since it also stimulates the correct posture using outstretched hand support, and strengthens the support of the upper limbs, allowing the child to move with the entire body in coordination. According to McDaid et al. 27 , abnormal muscle function can lead to lack of mechanical stress which is critical for healthy and early skeletal development.
Roberts et al. 5 showed that in the upper limbs, bone maturation on the affected side was significantly lower when compared with the unaffected limb. They suggest that there may be an association between the functional use of the extremities and bone maturation. Results from our study suggest that functional use of the extremities may be related to limb growth. Since our study is cross-sectional, longitudinal studies are needed to evaluate the impact of physical therapy intervention on paretic limbs.
Considering that hand function is one of the most important problems in children with HCP 16 and that it has been related to growth impairment on the affected side, the association we found between IQ and side-to-side hand discrepancy draws attention to the relationship between early age at initiation of physical therapy and lower discrepancy. These data suggest that the active use of the hand can be related to either intrinsic (cognitive) or extrinsic (physical therapy) factors.
In contrast to previous studies, we evaluated the impact of discrepancy on lower limb function. Pellegrino and Dormans 28 reported that discrepancies in the length of the limbs may result in significant gait difficulties and orthopedic problems. In our study, decreased muscle strength in the lower limb was associated with greater discrepancies in thigh circumference and foot length. In addition, we found a trend toward a correlation between the discrepancy in lower limb length and the percentage of the initial double support time in the affected lower limb. It is possible that the impairment in function on the lower limb may be due in part to the creation of a "short lever" in the involved lower limb and foot. Normal ambulation depends on adequate and appropriate forces acting through lever arms of appropriate sizes in stable joints 29 . Gage and Schwartz 29 reported that in conditions such as cerebral palsy, force reactions from both the muscles and the ground are neither appropriate nor adequate. This arises from muscle contractures, poor body segment balance and/or positioning, poor selective motor control, and abnormal or short bone lever arms.
In a previous study by our group, which analyzed gait in the same cohort that participated in the present study 22 , we found an association between the lowest percentage of double support time in the involved limb with decreased muscle strength. We observed that these two variables were related to greater discrepancy in the involved limb, reinforcing the involvement of several factors in both the genesis and adaptation to disability. In the same way that hand function is highly dependent on sensory-motor integration, other factors not measured in our study, such as weight distribution on a force platform in the standing position, may be helpful in clarifying growth discrepancies and function in the lower limb.
We also found that smaller lower limb discrepancy was related to a higher score in the dimension D of the GMFM-88 18 which evaluates items in the standing position, as well as higher scores in the PEDI 19 , which reflects greater independence in daily activities related to mobility with less need for caregiver assistance. The PEDI scale has been pointed out as a measure of social participation 19 which gives much more importance to the association between discrepancy in foot length and independence on the mobility area. This situation could perhaps be another example of what Wright et al. 30 have mentioned, "If the foot size increases (body functions and structures), to what extent might stair climbing abilities (activity) improve, and what might happen to the child's abilities to go shopping with friends at a nearby shopping mall (participation)?" We certainly need to continue investigating the associations between growth, function, degree of activity and social participation of children with HCP, as well as direct rehabilitation programs to help them optimize performances in these areas.
